Chlorella pyrenoidosa (Emerson strain) was grown under high and under low irradiance. Measurements of the 02 flash yield and the P700 absorption change gave estimates for the ratio of photoreaction centers RC2/RCI at 1.2 to 1.5. A background light I did not increase flash yield.
We recently reported a study of 02 flash yield in two blue-green algae (9) . The characteristics found were those expected for a system which has more reaction centers for RC 12 than for RC2. For example, saturating flashes behaved as a light 1. Repetitive flashes gave an 02 flash yield not significantly increased by a background irradiance of 680 nm, an extreme light 1. This experience made us wonder about the flash yield characteristics in chloroplast systems where the RC2/RC1 ratio is reported to be greater than I (1, 5, 6) .
From this background, we were led to inquire about the reaction center ratio in Chlorella. Our inquiry is incomplete and will call attention to a problem rather than provide an answer. We have used conventional methods, the 02 flash yield for RC2 and the absorption change of P700 for RC 1.
MATERIALS AND METHODS
We grew Chlorella pyrenoidosa (Emerson strain) in continuous culture under tungsten illumination as previously described (8) . Our measurement of 02 exchange also has been described (8, 9 JiM DCMU and used an absorption coefficient 64 mm-' cm-' (4) .
The following are details of the spectrophotometry. Beams from two monochromators, one set at 700 and one at 735 nm, were alternated by a mirrored sector at 120 Hz and manually balanced by a wedge to give a null 120 Hz signal from the photomultiplier. The alternated beams passed through a 10-mm length of the sample cuvette, a 4 x 15 mm exit diaphragm, and a Schott RG8 filter to the photomultiplier. Actinic light from a direct current source via an interference filter illuminated the entire 1.0-ml sample at 5-mm path length; it was controlled by an electrical shutter timed to give alternated light and dark periods (as 15 s).
The AA was estimated from the light-minus-dark signals (120 Hz) observed at I x 10-2 A full scale and averaged over 10 light-dark cycles.
We made the following checks upon the spectrophotometry. Maximum AA was observed at wavelengths 700 and 701 nm. AA was not affected by addition of 10 mm methyl viologen. Actinic light was saturating: attenuation to 0.30 decreased AA only to 0.88 of maximum; at full intensity about 0.5 of maximum AA was obtained without DCMU. A 50% attenuation of measuring light was without effect. Addition of actinic light and resulting fluorescence from the sample raised the total photomultiplier current by about 3. This change, plus an artifact from the actinic shutter, introduced a small perturbation in amplifier read-out of AA from the 120-Hz difference signals for 700/735 nm. Hence, for each sample, we also took a second measurement with the monochromator wavelengths reversed (735/700 nm); the difference was about 10% and we took an average. Table I reports our measurements made upon cells grown at two different irradiances. These correspond approximately, but not exactly, to two cell types of a previous report (8) . Chl was extracted and measured as previously described (8) . The Chl and P700 measurements were made immediately following harvest of cell suspension from the continuous culture chamber. However, flash yield measurements were continued over the following 5 h in order to scan several conditions. (a) In the first six experiments, measurements (with and without background) were made at flash rates of 6, 10, and 20 Hz. Flash yield was independent of flash rate, a result different than that observed in two blue-green algae (9) . (b) Measurements were made on darkness (zero background) and also with backgrounds of 680 and 705 nm. Several intensities of background were chosen with the criterion that they gave rates of 02 evolution more than compensating for dark respiration but not so great that the total rate in background plus flashing light exceeded linearity. For this purpose we made light intensity plots as that of Figure 1 . In all measurements, we calculated flash yield from rate of 02 evolution observed (background + flash) minus the rate observed in background alone. We found no significant PHOTOSYNTHETIC REACTION CENTERS IN CHLORELLA4 (8) , this problem had not appeared because we had made each measurement upon a sample freshly drawn from the continuous culture chamber. In the 8-10 experiment, we compared aliquots from the original harvested cell suspension versus aliquots freshly harvested before measurement. Flash yields for the original suspension drifted upward with time; flash yields on separately harvested aliquots did not drift but had a considerable random variation. The latter procedure places a heavy demand on precision of turbidostatic control of a continuous culture in which volume is increasing at almost 10%o/h. Because of the latter difficulty, we elected to observe the changes in a harvested suspension with time. Figure 2 presents data of experiment [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] within the first hour after harvest, we applied no correction. The data recorded in Table I for high growth irradiance were obtained by the above procedures.
RESULTS AND DISCUSSION
We call attention to three features in the data of Table I . (a) Cells grown at lower irradiance have somewhat larger total antennas reckoned either as Chl/RC I or as Chl/RC2 and a higher Chl b/Chl a ratio. The differences are similar to those reported previously for C. pyrenoidosa (8) and observed also in Dunaliella tertiolecta (1) . (b) Cells grown at lower intensity have a slightly higher RC2/RC1 ratio but it is not clear that the difference is significant. (c) For all cell suspensions, the RC2/RC1 ratio is greater than 1.
We consider further two of our findings. The continually increasing flash yield after harvest from a rapidly growing culture is a phenomenon not previously reported. This has the appearance of a trivial experimental result. However, it is a hidden hazard for any investigation of effects of growth irradiance on pigments and reaction centers in algae. Cultures grown at high irradiance are likely to have large amounts of storage food materials and rapid cellular synthesis continuing into a following dark period. If Chl is extracted immediately and if the more cumbersome measures of reaction centers are delayed, the effect will be one of lowering the calculated Chl/RC ratio. There seems to have been an intuitive expectation that high growth irradiance should lead to a smaller 'photosynthetic unit' (Chl/RC). A continued dark synthesis, occurring only after growth at high irradiance, could easily lead to such a result. Hence, the phenomenon is especially dangerous in that it favors an expected result.
The finding of RC2/RC I > 1 is not novel. Values of RC2/RC I > 1.4 have been carefully documented by spectrophotometric measurements in spinach (5) and in Pisum and Atroplex (6) and We began this study because of concern for the apparent anomaly that arises if RC2/RC1 > 1. For a saturating, single turnover flash, maximum 02 yield requires that RC2 be completely relaxed (Q oxidized) at the beginning of the flash. Repetitive flashes allow accumulation of sufficient 02 for measurement; however, they also provide an actinic light which may affect the poise of Q and other components of the electron transport chain. A simple expectation arises for the case RC2/RC I > 1: each flash should inject more electrons via RC2 than are removed via RC I until RC2 (Q) becomes partly reduced. The result should be a less-than-maximum 02 flash yield. Hence, we carefully examined effects of added actinic light, especially a light 1 at 705 nm which tends to oxidize Q. We could not thereby increase the 02 flash yield and conclude that the normally measured flash yield is maximal.
The anomaly which we posed for the condition RC2/RC I > 1 reduces to the question: how can repetitive flashes give maximum flash yield? One explanation would arise if a sizeable cyclic flow of electrons occurs around RC2. We consider such an explanation unlikely simply because of the necessary constraint on throughput quantum yield. A more likely possibility, previously suggested (1), is that RC I turns over more than once within the time of a xenon flash. A basis for this possibility is as follows. After a very brief (0.5 ,us) flash the re-reduction of P700 in chloroplasts is polyphasic (2, 3) . If the primary donors plastocyanin and Cyt f are largely reduced, then a large part of the reduction occurs very rapidly with a half-time estimated at 20 ± 10 Iss (3) . Potentially, this characteristic provides an automatic mechanism which can induce more rapid turnover of P700 when its donors, plastocyanin and Cyt f are partly reduced. Such a condition occurs in a light 2 or under repetitive flashes when RC2/RC I > 1.
Evidently a feature of the photosynthetic mechanism subject to rather wide variation is the number and arrangement of reaction centers. We shall look forward to a more complete description of this feature and eventual understanding of the strategy of the RC2/RC I ratio in different photosynthetic systems.
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